Abstract: Extrapolation of estimates of the value per statistical life (VSL) from high-to low-or middle-income populations requires attention to the possible effects of differences in income, current mortality risk, health, life expectancy, and many other factors. The standard theoretical model of VSL implies that VSL increases with income and decreases with current mortality risk. The effect of mortality risk is likely to be negligible while the effect of income is large and poorly quantified. Effects of differences in life expectancy and health are theoretically ambiguous. Effects of other factors, including differences in health care, formal and informal support networks, and cultural or religious factors that affect preferences for spending on oneself or others may be important but are unknown. Practical issues include choice of the most appropriate measure of income and possible differences in the patterns of age dependence between populations.
Introduction
The paucity of studies providing high-quality estimates of the value per statistical life (VSL) in lower-income and middle-income countries (LMICs) forces analysts conducting benefit-cost analyses for those countries to extrapolate from estimates for the United States or other high-income countries (a process known as "benefit transfer"). It is common to adjust for differences in income, though the appropriate magnitude of the adjustment (quantified as the income elasticity of VSL) is unknown (Viscusi & Masterman, 2017) . Moreover, adjusting only for income differences leaves much of the variation between estimates in different populations unexplained (Hoffmann, Krupnick & Qin, 2017) . In principle, analysts should adjust not only for differences in income but for all the factors that differ between the source and target population and significantly affect VSL. Without plentiful high-quality estimates of VSL in LMICs, it is difficult to know which of the many differences between source and target populations (including income, life expectancy, health, access to medical care and to formal or informal support networks) significantly affect VSL or the magnitudes of their effects.
I present the standard economic model of VSL and investigate its implications for the effects of different factors on VSL. The model implies that lower wealth (or income) should reduce VSL and that the wealth elasticity should be at least as large as the Arrow-Pratt measure of relative risk aversion with respect to wealth. Measuring and comparing real wealth or income is complex and the best practical measure is uncertain, as populations differ in the shares of income and consumption flowing through markets and the shares provided by government or communities. Higher age-specific mortality risk should increase VSL, but the magnitude of this effect should be small in most cases. In contrast, the effects of differences in health and age-specific life expectancy are ambiguous. Other factors that influence individuals' preferences for spending resources on their own survival or to benefit family or community members could be important, but the directions and magnitudes of these effects are unknown.
The standard model
An individual's VSL may be defined as her marginal rate of substitution between wealth, w, and probability of surviving the current period, s. The standard model assumes the individual wishes to maximize her expected state-dependent utility,
where u a (w) and u d (w) represent her state-dependent utility of wealth conditional on surviving and not surviving the current period, respectively (Drèze, 1962; JonesLee, 1974; Weinstein, Shepard & Pliskin, 1980) . The utility function for wealth conditional on failing to survive the period represents the individual's preferences with respect to her bequest (and for consumption during any part of the period she survives). It is conventional to assume that:
In words, at all relevant levels of wealth: survival is preferred to death (2a); the marginal utility of wealth is nonnegative and strictly larger given survival than death equation (2b); 1 and the individual is weakly risk averse with respect to wealth, given survival or death. VSL is obtained by totally differentiating equation (1) with respect to wealth and survival probability to yield
VSL is the ratio of the utility gain from surviving the current period (the numerator in equation (3)) to the expected opportunity cost of spending (the denominator). From assumptions (2a) and (2b), both numerator and denominator are strictly positive, and hence VSL is positive.
The effect of wealth on VSL can be seen by inspection (and verified by differentiation). An increase in wealth strictly increases the numerator (by assumption (2b)) and weakly decreases the denominator (by assumption (2c)), yielding an increase in the ratio. The magnitude of the effect depends on the proportional difference between the marginal utility of wealth given survival and as a bequest (i.e., the ratio u a (w)/u d (w)) and the rate at which the expected marginal utility of spending diminishes with wealth, which depends on the degrees of risk aversion toward wealth conditional on survival and death.
A theoretical lower bound on the magnitude of the effect of wealth on VSL comes from observing that the income elasticity of WTP (η) is strictly larger than the degree of relative risk aversion with respect to wealth. To see this, let
The second term in expression (4b) is a generalization of the Arrow-Pratt coefficient of relative risk aversion with respect to wealth (Pratt, 1964) that accounts for the state-dependent utility equation (1) and is conditional on survival probability s. Under assumptions (2b) and (2c), this term is greater than or equal to zero. The first term is strictly greater than zero (under assumptions (2a) and (2b)); hence the income elasticity of VSL is greater than the degree of relative risk aversion with respect to wealth. This result was obtained for special cases by Eeckhoudt and Hammitt (2001) and by Kaplow (2005) . Kaplow reports typical estimates of the coefficient of relative risk aversion from the financial literature equal to two or larger; Eeckhoudt and Hammitt report that it is reasonable to assume values between about 0.5 and 2.5. Note that equation ((4a), (4b)) is a local result; both the income elasticity of VSL and the coefficient of relative risk aversion may vary with wealth, but at each wealth level the former must exceed the later (which implies the average income elasticity over any range must exceed the average coefficient of relative risk aversion over that range). Conventional estimates of VSL exceed individual wealth, which seems reasonable. 2 Intuitively, one can divide the utility gain from survival (the numerator of equation (3)) into two components, the present value of consumption (compared with leaving wealth as a bequest) and the incremental wellbeing of living beyond that provided by consumption. If the utility from wealth that is consumed is much greater than from wealth used as a bequest and if the increment to wellbeing beyond that from consumption is positive, then VSL exceeds consumption. Hammitt and Robinson (2011) use the assumption that VSL exceeds the present value of income or consumption to define lower bounds when extrapolating VSL to lower-income populations.
Reasonable though it may seem, the result that VSL exceeds wealth does not follow from the standard model. Assume (without loss of generality) that u a (w) > 0 for all w such that living is preferred to death and that
where 0 α < 1 and δ 0, which satisfies assumptions (2a) and (2b). Substituting assumption (5) into equation (3) yields
When
w, where the inequality follows because assumptions (2b) and (2c) imply u a (w)/w u a (w), i.e., the average incremental utility of wealth exceeds the marginal utility. In this case, VSL exceeds wealth. In contrast, when α > 0, VSL can be smaller than wealth. To illustrate, in the limit as α approaches one VSL approaches δ/u a (w), which can be arbitrarily small as δ approaches zero. Unsurprisingly, if the difference in utility between survival and death is small, then VSL can be small. 3 The effect of current survival probability on VSL is also evident from equation (3). An increase in s puts more weight on the first term and less weight on the second term of the denominator and hence increases the denominator (by assumption (2b)). It has no effect on the numerator; hence VSL decreases. This effect is described as the "dead-anyway effect" (Pratt & Zeckhauser, 1996) : a decrease in survival probability decreases the expected opportunity cost of spending and hence increases VSL. 4 The magnitude of this effect is constrained by the ratio of survival probabilities and so will be small when survival probabilities are close to one. Note that the magnitude of the dead-anyway effect is largest when u d (w) = 0, ceteris paribus. In this case, a decrease in s from s 0 to s 0 − ε increases VSL by the factor s 0 /(s 0 − ε) < 1/(s 0 − ε). In words, the proportional effect of a difference in period-specific survival probability between a source and target population cannot exceed the ratio of the larger to the smaller survival probability, which is less than the reciprocal of the smaller survival probability.
The state-dependent utility functions u a (w) and u d (w) depend on the individual's anticipation of future conditions. The utility function given survival almost certainly depends on the individual's expectations about her longevity, future health, 3 Bergstrom (1982) presents an early and comprehensive evaluation of the question "When is a man's life worth more than his human capital?". 4 When perfect insurance is available, the marginal utility of (post-transfer) wealth conditional on survival and on death are equal and so an increase in s has no effect on the denominator. In this case, VSL increases because the price of insurance rises and hence the insured wealth levels in the two states decrease (Breyer & Felder, 2005 income, family circumstances, and other factors if she survives the period. Factors that increase this utility (such as greater life expectancy, better anticipated health, or more grandchildren) increase the numerator of equation (3). But they may also increase the marginal utility of wealth given survival u a (w), increase the denominator, and (if the effect is large enough) decrease VSL. To illustrate, consider an individual supporting herself from a fixed wealth with no prospect of future income. A longer life expectancy requires her to husband her resources more carefully, increasing the opportunity cost of spending; this effect could be mitigated by strong income or other support, whether through formal government programs or informal family or community networks. Alternatively, strong support networks could increase the utility of the bequest as the individual would know her dependents would be well cared for after her death, hence reducing her VSL. 5 Similarly, better future health can expand the set of possibilities for spending wealth to increase utility (and worse future health can contract it). There is some empirical support for the hypothesis that the marginal utility of wealth is increasing in health (Viscusi & Evans, 1990; Sloan, Viscusi, Chesson, Conover & Whetten-Goldstein, 1998; Finkelstein, Luttmer & Notowidigdo, 2013) . Future health and longevity can affect future income (by increasing earnings capacity and decreasing medical-care expenses), which should increase VSL. In sum, the effects of factors such as life expectancy and future health on VSL are ambiguous.
The standard one-period model suggests VSL may change over the lifecycle: it can depend on multiple factors that vary with age, including life expectancy, health, and wealth. Models that include multiple periods typically find that VSL increases then decreases with age, although VSL can decline monotonically with age when individuals can borrow against future income (Shepard & Zeckhauser, 1984; Rosen, 1988; Ng, 1992) . Empirical studies tend to find a similar pattern, though the literature provides no consensus about the age at which VSL peaks or how much it changes over the lifecycle (Krupnick, 2007; Aldy & Viscusi, 2008) .
The expectation that VSL varies with age implies that extrapolating from a source to a target population requires accounting for age effects. In principle, the age dependence of VSL could differ between the source and target populations. Even if the pattern is similar, the question remains how to extrapolate between populations having different life expectancies, i.e., whether the time path of VSL is similar when described as a function of age, of current life expectancy, of the fraction of initial life expectancy already lived, or as some other measure of stage of the lifecycle. For example, Aldy and Viscusi (2008) estimate that VSL among US nonagricultural workers peaks near age 45 (cohort-adjusted estimates). US life expectancy is about 77 years at birth and 36 years at age 45. In Ethiopia, life expectancy is 63 years at birth and 30 years at age 45. 6 In extrapolating from the United States to Ethiopia, should one assume that VSL in Ethiopia peaks at the same age (45), the age with the same life expectancy (37), the same fraction of life expectancy at birth (by coincidence, also 37), or at some other age? Similarly, there is evidence that in the United States and other high-income countries VSL for children (defined as parents' rate of substitution between their wealth and their child's survival probability) exceeds adults' VSL (Gerking & Dickie, 2013) . The relationship between VSL for children and adults may well differ between populations. Adjustment for differences in wealth also requires attending to the appropriate definition of wealth or income. The benefits of surviving beyond the current period and the opportunity cost of spending depend on consumption, which depends on wealth and income. In principle, some measure of permanent consumption or a combination of current wealth and anticipated future income seems relevant, as one can borrow against future consumption to some extent. Statistics on income are more accessible than on wealth or consumption. Income incorporates many components, including money income, goods and services provided by government, and goods and services produced and consumed outside the market (such as food produced by farmers for their own consumption). Differences between populations in the shares of these components raise questions about which available measure of income is most appropriate for extrapolation. Moreover, the real value of consumption depends on the prices of consumption goods; price levels and price ratios between goods differ substantially across countries. Purchasing-power-parity adjustment attempts to account for these differences, but the best adjustment is uncertain because patterns of consumption differ between populations because of differences in price ratios and possibly differences in utility functions. To illustrate, consider estimates of income for three countries reported in international (purchasing-power-parity adjusted) dollars in Table 1 . GDP per capita, a measure of the value of goods and services exchanged in markets supplemented by estimates of some nonmarket components (such as the imputed rental value of owner-occupied housing) is about $42,000 in the US, $2,100 in Vietnam, and $600 in Ethiopia. Actual consumption is less than GDP per capita in all three countries by factors that differ significantly, ranging from almost one fifth in Ethiopia to almost two fifths in Vietnam.
The extent to which consumption is provided through government or purchased by households also differs, with government shares of household consumption of one tenth or less in the United States and Ethiopia but larger than one third in Vietnam. The components of GDP allocated to collective consumption by government (e.g., defense, justice, general administration, environmental protection) range from less than one tenth in the United States to more than one fifth in Ethiopia. The fraction of GDP per capita invested in capital formation also differs, ranging from 12% in Ethiopia to 30% in Vietnam. Investment in capital formation may alter the time path of consumption (increasing future and decreasing current consumption); its effect on temporally averaged "permanent" consumption is uncertain.
What measure of relative income is most representative of differences between populations in the benefit of survival and opportunity cost of spending? GDP per capita is the most comprehensive measure included in these data, though it is incomplete as it excludes some nonmarket components of income and consumption that may differ between populations; it may also exclude the value of consumption exchanged through informal markets. Individual consumption by households is perhaps the narrowest measure and may approximate money income. In allocating household resources to reduce mortality risk, do households take a more or less comprehensive view of their consumption and resources? Using GDP per capita, US income is about 20 times larger than in Vietnam and 70 times larger than in Ethiopia. Using individual consumption by households, the corresponding ratios are 30 for Vietnam and 75 for Ethiopia (about 50% and 5% larger, respectively). The most appropriate choice between these (or other) alternative measures of wealth or income is uncertain and can have a significant effect on the extrapolated VSL.
Conclusion
The standard model defines VSL as the marginal rate of substitution between wealth and the probability of surviving the current period, often interpreted as the current year. In this model, VSL increases with wealth and decreases with probability of surviving the current period. It may also depend (implicitly) on factors including life expectancy, age, anticipated future health and income, and numerous other factors that can affect the difference in utility between surviving the current period or not, and the expected opportunity cost of spending on risk reduction.
When extrapolating estimates of VSL from populations in high-income countries (to which most high-quality estimates pertain) to populations in lower-income and middle-income countries, one must in principle account for differences in many of the factors that can influence VSL. The factors discussed here are summarized in Table 2 . Smaller wealth, income, and consumption in target populations should decrease VSL. The standard model provides little guidance on the magnitude of this effect and differences in the structure of income and consumption (including market and nonmarket, government and nongovernment components) raise questions about what measure of income is most appropriate for extrapolation. Smaller annual survival probabilities should increase VSL, though often to a negligible extent. Effects of life expectancy, age, and other factors can also influence the extrapolation and the most appropriate resolutions of these issues are unknown. 
